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SPECIFICATION ■ . . . • -jT eesofiCou it 

1. TITLE OF THE INVENTION l-: - . _ W-:: 

Insulated gate type semiconductor device 

2. CLAIMS 

1. An insulated gate type semiconductor . devipe^ V?h^rei^_..^ 
channel formation region of an insulated gate type field effect ^ 
transistor comprises a non-single crystaiine-semicoridlK-tor added" " 
with hydrogen or a halogen element, and a pair of impurity regions 
constituting a source and a drain neighboring said semiconductor has 
crystal growth promoted more than that of the semiconductor of said 
channel formation region. 

2. The insulated gate type semiconductor device of Claim 1 
wherein the pair of impurity regions comprise a poly-crystalline 
semiconductor added with hydrogen or a halogen element at a 
concentration of 1 atom% or more. 

3. DETAILED DESCRIPTION OF THE PRESENT niVENTipN ,. ... . • 
■Field for Industrial Use" ; - _ — • 

The present invention relates to an insulated gate type field 
effect semiconductor device (hereinafter referred to as IGF) 
utilized for a semiconductor integrated circuit, a liquid crystal 
display panel, etc. 



■Prior Art" 



An IGF utilizing single-crystalline silicon is widely utilized 
in the field of semiconductor. A typical exanple is Japanese Patent 
Pub. No. 50-1986 "SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD 
THEREOF" invented by the present inventor. When it comes to the IGF 
of which channel formation region not comprising a single- 
crystalline semiconductor but comprising a non-single crystalline 
semiconductor device added with hydrogen or a halogen element at 1 
-atom% or more, a typical example is shown in Japanese Pat. Appl. No. 
53-124021 -SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF" 
invented by the present inventor (filed on October 7, 1978). 

This IGF of which channel formation region comprising a 
semiconductor especially a silicon semiconductor added with hydrogen 
or a halogen element, has off current of 1/103 to 1/lOS compared with 
that of the conventional IGF utilizing a single-crystalline 
semiconductor. Therefore this is believed to be effective in use 
for an IGF for controlling a liquid crystal display panel. 

As in the example above mentioned, there are three types of 
semiconductors as this IGF: there are a lateral channel type IGF 
wherein a gate electrode is formed on a semiconductor of a channel 
formation region, a vertical channel type IGF mentioned in Japanese 
Pat. Appli. No. 56-001767 "INSULATED GATE TYPE SEMICONDUCTOR DEVICE 
AND MANUFACTURING METHOD THEREOF" . (January 9, 1981). and a 
conventional thin film IGF transistor wherein a gate electrode is 
provided beneath a semiconductor composing a channel formation 
region. Compared with the latter two. the structure of the former 
is the same as that of the conventionally known IGF utilizing 
single-crystalline silicon. Thus this IGF has very good 
characteristic that a completed technology can be applied. 

However, a source and a drain of this IGF should be formed not 
through a CVD method (including a plasma CVD method) by deposition 
of a thin film, but through ion implantation, etc. This additive 
should be made as active donor or acceptor through annealing at a 
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temperature range of 400 °C or less in which hydrogen or a halogen 
element will not be deaired. The application by the present 
inventor is not necessarily clear on this stand point. 

"Means to Solve the Problems" 

The present invention is aimed at solving the problems above 
mentioned. A gate insulator is selectively formed on a non-single 
crystalline semiconductor (hereinafter non-single crystalline 
semiconductor added with hydrogen or a halogen element is simply 
referred to as semiconductor, or non-single crystalline 
semiconductor) to which no or little impurity has been added. On 
the gate insulator, a gate electrode is selectively provided. 

With utilizing this gate electrode as a mask, impurities for the 
source and the drain are added by an ion implanting method or the 
like. For example, phosphorous or arsenic is added for N channel, 
and boron is added for P channel, into the non-single crystalline 
semiconductor. After that, strong light is irradiated at 400 "C or 
less to the regions added with these inactive impurities. Strong 
light anneal (hereinafter simply referred to as light anneal) is 
performed. Thus a semiconductor with hydrogen or a halogen element 
added and resided, and with crystallization rate promoted more than 
the channel formation region is, is formed. Particularly, a 
semiconductor with a polycrystalline or single-crystalline structure 
is formed, 

in the conventionally known method, after ion implantation is 
performed, laser anneal is perform«l to a single-crystalline silicon 
with no hydrogen or a halogen element added. In the present 
invention, not like the conventionally known method, ion 
implantation is performed to a non-single crystalline semiconductor 
with hydrogen or a halogen element added at I atom% or more, 
generally at 5 to 20 atom%. Strong light anneal is performed, and 
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preferably this light is scanned from one end to the other end of 
the substrate. Thus crystallization growth is included as a 
process, crystallization is promoted, and impurity regions are 
formed. 



"Results" 



in the structure of the IGF of the present invention, a gate 
electrode is provided on the non-single crystalline semiconductor 
composing a channel formation region on a substrate. In addition, 
an active impurity r^ion with optical Eg of 1.6 eV to 1.8 eV, which 
is almost the same as the optical Eg (1.7 to 1.8 eV in the case of 
silicon semiconductor) of this semiconductor is obtained. Thus Eg 
is the same as or approximately the same as that of the channel 
formation, region. When the IGF is "ON" or "OFF", ON current will 
not be difficult to flow at rise time or OFF current will not flow 
lazily at fall time. In other words, OFF current is rare and ON, 
OFF can be switched with high speed response. 

The present invention is explained according to embodiments. 



"Embodiment 1' 



AS is shown in Fig.l(A). a quartz glass substrate of 10 cm x 10 
cm and 1.1 mm thickness is utilized as a substrate (1). A non- 
single crystalline semiconductor (2) including amorphous structure 
added with hydrogen at a concentration of 1 atom% or more is formed 
at 0.2 \i thickness by a plasma CVD (high frequency of 13.56 MHz, 
substrate temperature of 210 «>C) of silane (SiH*) • A silicon nitrid 
film (3) is deposited as a gate insulating film by a photo CVD 
method on it. That is, S^H, is formed at 1000 A thickness by 
reaction of Si^H, and ammonia or hydrazine (low pressure mercury lamp 
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at 2537 A and substrate temperature of 250 »C) without utilizing 
mercxiry photosensitized method. 

Then portions other than a region (5) composing an IGF is 
removed by a plasma etching method. This reaction is performed as 
CF4 +02 (5%) at 13.56 MHz at a room temperature. A micro-crystalline 5 
or polycrystalline semiconductor of N* conductivity type is deposited 
at 0.3 \i thickness on this gate insulating film. This 
semiconductor film is removed utilizing a resist (6) by a photo 
etching method. Then phosphorous is added to the regions to be a 
source and a, drain with utilizing this resist and semiconductor 10 
gate electrode portion (4) as a mask by an ion iit5>lanting method at 
a concentration of 1 x IO20 cm-3, as is shown in Fig. 1(B) . Thus a 
pair of iir?>urity regions (7) and (8) are formed. 

After the resist of the gate electrode is removed from the whole 
substrate, strong light (10) annealing is performed. That is, light. 15 
is irradiated in linear shape utilizing an extra-high pressure 
mercury lamp (output of 5 KW, wavelength of 250 to 600 nm, diameter 
of 15 mm(D, length of 180 mm) backside of which is provided a 
parabolic reflection mirror, and in front of which is provided a 
quartz cylindrical lens (focal distance of 150 cm, converging width 2C 
of 2 mm, length of 180 mm) . 'The irradiated part of the substrate is 
scanned at a speed of 5 to 50 cm/min. to have strong light 
irradiated to the entire surface of the substrate of 10 cm x 10 cm. 

Because a large amount of phosphorous has been added to the gate 
electrode portion, this electrode absorbs light enough and is 2i 
polycrystallized. The impurity regions (7) and (8) are once solved 
and recrystallized. Thus they are solved in the direction of 
scanning, that is. in the direction of X. Recrystallization is 
shifted (transported) . As a result, compared with the case of 
heating or irradiating the entire substrate, grain size can be made 
bigger because a system of crystal grain growth has been added. 
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It is not at all imperative that the regions polycrystallized by 
this strong light anneal reach the entire region under the impurity 
regions. As is shown in broken lines (11) and (11 ■) in the figure, 
what is important is that the portions above these only are at least 
crystallized and the impurities are activated. Ends (15) and (15') 
of these portions are provided nearer to the channel than ends (16) 
and (16-) of the gate electrode. N (7). (8) - I (2) junction 
interface (17) and (17') are provided inside of the crystallized 
region, and the channel formation region is provided in hybrid 
structure by utilizing a non-single crystalline semiconductor of I 
typ^ semiconductor and crystallized semiconductor. The crystallized 
semiconductor region in the I type semiconductor can be decided by 
scanning speed and intensity (irradiation) of light anneal. 

in the figure, after the process in Fig. 1(B), PIQ is coated on 
the whole surface at 2 \i thickness, and formed as electrode holes 
(13) (13'). Then ohmic contact of aluminum and its leads (14) (14') 
are formed. In the process of forming these (14) and (14') being a 
second layer, they can be connected with the gate electrode (4) . 

As a result of this light anneal, sheet resistance changed from 
- 4 X 10-3 (acm)-i before light irradiation to 1 x 10-2 (Qcm)-i. This 
change in electric conductivity characteristic is clearly shown. 

under the condition of the length of the channel formation 
re^ibn 3 10 and channel width 1 mm, as is shown in Fig. 2 (21) 
(22) respectively, electric current of 1 x lO-s a. 2 x 10-5 a is 
obtained under V^. = *2 V, Vdd = 10 V. Off current is (V^g = 0 V) 10- 
10 to 10-11 (A) , which is 1/10-4 of 10-6 A of a single-crystalline 
semiconductor . 

■Effects" 

Because the present invention utUizes- the manufacturing process 
of forming and processing films gradually from below, large-area 
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large-scale integration is .nade real. Therefore IGF as many as 500 
X 500 pieces can be formed in a 30 cm x 30 cm panel, and can 1^ 
utilized as IGF for/controlling a liquid crystal display device. 
Because lo„-te-eerature process at 400 'C or less by light anneal 
process is utilized: - polycrystallized or single-crystall.zed 
semiconductor can be prevented from emitting hydrogen or a halogen 

element inside it. 

Moreover, light annealing is not performed to the entxre 
substrate at one time ^t is scanned from one end to the other end. 
For this purpose, light . from a cylindrical extra-high pressure 
mercury lam^ is concentrated by the use of a parabolic mirror and a 
quartz lens, and is made as linear light. By scanning the substrate 
in vertical with this light, light annealing to the surface .s 

performed. tt- -.4.^^,^ 

AS this light anneal utilizes ultraviolet rays, crystallxzatxon 

from the surface of the semiconductor to the portion inside .s 
promoted. Thus electric current flowing through ^^^TT^l 
formation region near the gate insulating film to the fully 
polycrystallized or single-crystallized impurity regions near 
surface can be controlled with no problem. 

Not any single-crystalline semiconductor is utilized as the 
substrate. .Thus'hydrogen- or a halogen element added to the channel 
formition region Van ^eep non-single crystalline semiconductor 
condition without biy- influenced by the light 

process. Therefore of f current can be made 1/10= to 1/10= of that of 
a single-crystalline semiconductor. 

7ecaus7 the source and the drain are fon-ed by light anneal 
after for,.tion of the gate, the interface with the T. 
will not b. dirty and its characteristic is stable. Not like 
conventional method, not only <^>artz glass but also soda glass, a 
h«.t endurable organic fil» can b, utilized at random as a substrate 
material . 
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In the present invention, process is performed in the same 
reaction chamber in which a semiconductor composing a channel 
formation region - gate insulator - gate electrode each of which 
being dissimilar interface are formed. Thus the semiconductor 
device of the present invention can be formed without being exposed 
to the air, and is characterized in that interface state is rarely 
generated . 

In the present invention, it is preferable all impurity 
concentration of oxygen, carbon and nitrogen of non-single 
crystalline semiconductor of the channel formation region is 5 x 10 ^ 
cm-3 or less. In the conventionally known IGF, an impurity is 
contaminated in the channel layer at a concentration of 1 to 3 x IO20 
cm-3. in the case of utilizing an amorphous silicon semiconductor, 
life time of carriers, especially that of holes becomes short. Thus 
as a characteristic, current flown is as little as 1/3 or less of 
that of the present invention. In addition, hysteresis 
characteristic is observed when drain electric field is applied at 2 
X 106 v/cm or more to Idd " V^g characteristic. On the other hand, 
when oxygen is 5 x IQis cm-3 or less, hysteresis is not confirmed 
even with an electric potential of 3 x 106 v/cm. 

4. BRIEF DESCRIPTION OF THE FIGURES 

Fig.l shows a cross sectional view of the manufacturing process 
of the insulated gate field effect semiconductor device of the 25 

present invention . 

Fig. 2 shows characteristic of drain current - gate voltage. 

i^licant 

Seniconductor Energy Laboratory, Co.. Ltd. 30 
Representative: Shui^ei Yamazaki 
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